Interference effects on the critical current in a clean-limit superconductor -normal-metal -superconductor junction Hideaki Takayanagi, Tatsushi Akazaki, and Junsaku Nitta NTT Basic Research Laboratories, 3-1, Morinosato-Wakamiya, Atsugi-shi, Kanagawa 243-01, Japan (Received 5 October 1994) Interference effects are confirmed on the critical current of a gate-fitted superconductor -normal-metalsuperconductor junction in the clean limit. As the normal metal, the junction uses a two-dimensional electron gas (2DEG) with a high mobility of 7.38 m /V s aud a high carrier density of 1.98X 10 cm at 4.2 K. The superconducting critical current that flows through the 2DEG is measured as a function of the gate voltage and shows oscillations as a function of the 2DEG carrier concentration. This oscillation is explained by the interference effects predicted by Chrestin et al. The typical period of the oscillation agrees well with the theoretical prediction.
It is well-known that at the interface of a normal metal (N) and a superconductor (S) there occurs Andreev refiection, i.e. , an incident electron (hole) from the normal side is refiected as a hole (electron). The quantum transport of an S-N junction shows various interesting effects due to Andreev reflection, e.g. , modifications of weak localization and universal conductance fluctuations or a quasip article interferometer.
Recently a second-quantization description of Andreev reflection was given. In an S-N-S junction, it is theoretically shown that supercurrent is carried mainly through the bound states generated by Andreev reflection.
For the superconducting transport in a dirty-limit S-N-S junction, interference effects and interaction effects associated with Anderson localization have been studied and both were experimentally confirmed by the authors. ' In a cleanlimit S-N-S junction, a superconducting quantum point contact (SQPC) was proposed. ' In attempts to achieve SQPC S-N-S junctions, the use of a two-dimensional electron gas (2DEG) in the clean limit have been studied.
Chrestin et aI. calculated the critical current I, in a cleanlimit S-2DEG-S junction and found that it oscillates with the carrier concentration of the 2DEG. They stated this oscillation was due to the interference of the quasiparticles that undergo two normal reflections between two Andreev reflections [ Fig. 1 Fig. 2(a) , the magnitude of the applied magnetic field which maximized I, was constant.
R& was determined as the differential resistance at a higher bias voltage than 2b, /e, where b, is the energy gap of Nb.
The energy gap of bulk Nb is 1.5 meV, but we adopted 1 meV for the Nb electrode at the interface in our junction, as shown in Fig. 5 . of V~a s shown in Fig. 2(a) . On the other hand, Rz or N,
does not show such oscillations. This fact indicates the I, oscillation is not due to the change in R&.
We will now discuss the experimental results of the I, Fig. 2(b) was obtained, where R&& is the contact resistance at the S-2DEG interface and R~s is the semiconductor channel (i.e., 2DEG) resistance. As discussed above, R&& originates in the InAs layer with a low carrier concentration between the 2DEG and the Nb. Another origin for R&& is the wave-number discrepancy between the superconductor and the 2DEG, which causes normal reflection. R~& is assumed to be constant at 1.13 A, which is calculated from the relations shown in Eq. (1) and N, of 1.98X 10 cm, p, of 73 800 cm /V s for the 2DEG at 4.2 K and Vg=0. We determined p, and N, for the 2DEG by SdH measurement with changing N, and confirmed that p, depends on N, in the relation p, (x N, where y is 1.
In general, the I,R& product of a superconducting weak link is almost constant when the change in I, or R& is small. Therefore, if R& oscillates with a period of Vg, I, oscillates with the same period. I, shows clear oscillation as a function Fig. (a) In summary, the critical current for a superconductor-2DEG -superconductor in the clean limit was measured. The critical current showed oscillations as a function of the carrier concentration of the 2DEG. This result is the clear evidence that the oscillation is due to the interference effects of the quasiparticles that undergo Andreev as well as normal reflections. It is shown that the interference effects play an important role in the superconducting transport of an S-N-S junction not only in the dirty limit but also in the clean limit.
